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The effect of grape seeds on the bioactive content and elemental composition of grape juices from
Vitis labrusca L. varieties Concord, Isabel and Bordo, widely cultivated in Brazil, was examined. Grape
seeds of each variety were macerated with berries at concentrations of 50, 100 and 200 g/kg of
grape, followed by the extraction of varietal juices. The total phenolic content, monomeric antho-
cyanins and antioxidant capacity were determined in juices, and their correlations with seeds were
assessed. The mineral content and metal contamination in juices was determined by ICP-MS. Grape
seeds signiﬁcantly increased the total phenolics and antioxidant capacity of juices, showing high
correlations. In Isabel juices, seed addition at concentration of 200 g/kg increased about 8 times the
polyphenols concentration. The addition of seeds was poorly correlated with anthocyanins content
and positively correlated with minerals (Ca, Mg, Na, K, Mn, Zn). The trace elements Cu, Ni, Sr, As, Cr,
Li, Ba and Al were detected. The inclusion of seeds in grape juice comprises a feasible approach to
bioactive enrichment of this widely appreciated beverage and also an alternative to reduce vegetable
waste in fruit industries.
 2013 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
Grape (Vitis sp.) is a natural source of phenolic compounds
related to important health beneﬁts. Polyphenols have been asso-
ciated with the bioactive potential of grapes due to their antioxi-
dant, anti-inﬂammatory, anticarcinogenic and antibacterial
activities (Bagchi et al.., 2000; Daglia, 2011; Rockenbach, Rodrigues,
et al., 2011). Grape products, such as juice and wine, contain high
amounts of polyphenols, in concentrations that vary according to
the grape species, cultivar and derivative. Since wine is one of the
most important sources of polyphenols in the human diet and it has
a great distribution in several countries, grape polyphenols have
mainly been evaluated in Vitis vinifera L. grapes, that is, those
generally cultivated for wine production (Kondrashov, Sevcík,x: þ55 48 3721 9943.
arildebordignon@gmail.com
sevier OA license.Benáková, Kostírová, & Stípek, 2009). However, grape juice is a
natural and refreshing beverage, and its peculiar taste and nutri-
tional value has led to growing consumption worldwide.
American varieties of Vitis labrusca L. are widely cultivated in
Brazil, mainly for juice production. The V. labrusca L. cultivars
representmore than80%ofprocessedgrapes, beingalsodestined for
the production of table wines and other derivatives such as vinegar,
sweets and jams. In Brazil, themost commonly cultivated red grapes
are Bordo, Concord and Isabel, which account for around 50% of the
national grape production (Nixdorf & Hermosín-Gutiérrez, 2010;
Oliveira, Lopes, Haji, Moreira, & Miranda, 2009). Brazilian winery
industries generate approximately 59million kg of by-products that
are generally used for agricultural composting. The bioactive po-
tential of V. labrusca L. and its constituents have been previously
reported (Nixdorf & Hermosín-Gutiérrez, 2010; Rockenbach,
Gonzaga, et al., 2011; Rockenbach, Rodrigues, et al., 2011).
Many studies demonstrated that agricultural and industrial resi-
dues of grape are attractive sources of polyphenols as natural anti-
oxidants (Moure et al., 2001; Volf & Popa, 2004). Fruit industries
Table 1
Operating parameters of ICP-MS.
Sampling/skimmer Pt
Cones
Signal measurement Peak hopping
Lens voltage 8.75 V
Detector voltage Pulse: 1250 V Analogic: 2287 V
Gas ﬂow rate:
Main 15 L/min
Auxiliary 1.2 L/min
Nebulizer 1.0 L/min
Dead time 55 ns
Dwell time 50 ms
I.M. Toaldo et al. / LWT - Food Science and Technology 53 (2013) 1e82utilize considerable amounts of vegetablematerial and produce large
quantities of peel and seeds which could constitute major sources of
phenolic compounds for fruit products such as grape juice. The by-
products of viticulture, in particular grape peels and seeds, have
been found to contain higher amounts of polyphenols than the edible
portions. The use of these residues as valuable raw materials may
lead to signiﬁcant economic gain and decrease in the environmental
problems associated to the accumulation of grape by-products (Ignat,
Volf & Popa, 2011; Rockenbach, Gonzaga, et al., 2011; Rockenbach,
Rodrigues, et al., 2011).
Grape seeds contain approximately 400 mg/g of ﬁber, 160 mg/g
of essential oil,110mg/g of protein and 70mg/g of complex phenolic
compounds such as tannins, sugars and minerals, comprising an
important by-product of winery and juice industries and an at-
tractive source of natural polyphenols (Bagchi et al.., 2000; Campos,
Leimann, Pedrosa, & Ferreira, 2008; Gibis & Weiss, 2012; Perumalla
& Hettiarachchy, 2011; Rockenbach, Gonzaga, et al., 2011). Never-
theless, the polyphenol composition of grape seed is generally
assessed in ethanolic or methanolic extracts, and there is a lack of
information on the bioactive potential obtained bywater extraction
in non-alcoholic beverages, and the effective application of this
grape constituent as a rich source of polyphenols with the aim of
improving the bioactive properties and nutritional quality of food
matrices.
In this context, the aim of this work was to evaluate the effect of
grape seeds inclusion on the bioactive content and the in vitro anti-
oxidant capacity, and also on the elemental composition of grape
juices from V. Labrusca L. varieties Isabel, Bordo and Concord. The
addition of grape seedswas performed separately for each cultivar, in
order to determine the potential of each variety on improving
bioactive content and the feasibility of reducing their vegetable res-
idues during juice production. Also, themetal contamination in these
varietal juices was evaluated.
2. Materials and methods
2.1. Chemicals and reagents
Analytical standards of gallic acid, Trolox (6-hydroxy-2,5,7,
8-tetramethylchroman-2-carboxylic acid), 2,20-azino-bis(3-ethyl-
benzothiazoline-6-sulphonic acid) (ABTS) and 2,2-diphenyl-1-pic-
rylhydrazyl (DPPH) radicals, and the FolineCiocalteu reagent were
purchased from SigmaeAldrich (St. Louis, MO, USA). Pectinex
Ultra Color pectinolitic enzyme was obtained from Novozymes
(Curitiba, Brazil). Concentrated nitric acid 65% (v/v) from Merck
(Darmstadt, Germany) was puriﬁed by sub-boiling distillation in
quartz still from Kurner Analysentechnik (Rosenheim, Germany).
The standard multielement solution ICP III from PerkineElmer
(Norwalk, USA) and Rh stock solution supplied by SigmaeAldrich
(Buchs, Switzerland) were employed. Argon gas with purity of
99.996% from Linde (Blumenau, Brazil) was used. All reagents were
of analytical grade unless otherwise indicated. Distilled and
deionized water with resistivity of 18.2 MU cm was generated by a
Milli-Q plus system from Millipore (Bedford, USA).
2.2. Equipments
Spectrophotometric measurements were performed on a Hita-
chi UVeVis spectrophotometer, model U-2010 (Tokyo, Japan). Sol-
uble solids content was measured using a Quick-Brix 90
refractometer (Schwerzenbach, Switzerland). The refractive index
of grape juices was recorded at a room temperature of 24 C. The pH
measurements were carried out on a Mettler Toledo MP 220 pH
meter (Greifensee, Switzerland). The elemental analysis was car-
ried out using an inductively coupled plasma mass spectrometer(ICP-MS), PerkineElmer SCIEX, model ELAN 6000 (Thornhill, Can-
ada) coupled to a cross ﬂow nebulizer and a Scott spray chamber.
The operational parameters are listed in Table 1.
2.3. Samples
Red grapes from the V. labrusca L. varieties Concord, Isabel and
Bordo, were manually harvested in Videira, South Region of Brazil,
and kindly donated by the Agricultural Research Company of Santa
Catarina State (EPAGRI). All the varietal grapes were harvested at
the stage of technical maturity, with soluble solids readings be-
tween 16 and 18 Brix. This parameterwas determined according to
OIV (1990). The ripened grapes from the three cultivars were
brought to the laboratory and the fresh grapes were washed with
tap water to remove adhering dust and dirt. Grapes were kept
separately at 12 C and all varietal grape juices were prepared
within a period of sixty days, followed by the analysis. Previously to
juice preparation, grape samples were gently defrosted in a ther-
mostatically controlledwater bath at 20 C for 5min. Grape seeds of
each variety were manually collected from the berries and washed
separately with ultrapure water. The grape seeds were dried at
room temperature (24 C) for 15 min and weighed, followed by
maceration with berries. Samples were then manually crushed and
macerated with seeds under agitation in a thermostatic water bath
at 24 C for 5 min.
2.4. Preparation of grape juices
Grape berries were separated from the rachis and 20 g of
randomly selected berries of each cultivar were individually
weighed in triplicate. Grape seeds of each cultivar were added at
concentrations of 50, 100 and 200 g/kg of grape berry. A blank
sample for each cultivar was weighed and macerated without the
addition of seeds. Samples were macerated under agitation at 24 C
for 5 min, followed by the addition of 50 mL of ultrapure water. The
mixture was transferred to 100 mL ﬂasks and sonicated on an ul-
trasonic bath at 24 C for 15 min, followed by the addition of the
pectinolytic enzyme PectinexUltra Color at concentration of 1mL/
L and incubated in a thermostatically controlled water bath at 50 C
for 60 min. After the enzymatic treatment, the grape mash was
manually pressed for 1 min using nylon ﬁlter bags, and the
extracted juices were heat processed at 80 C for 5 min. Finally,
grape juices were ﬁltered through a Whatman n1 ﬁlter paper and
packed in clean amber glass bottles.
2.5. Determination of the bioactive content in grape juices e total
phenolics, total monomeric anthocyanins and in vitro antioxidant
capacity
Total phenolic content of the grape juices was determined
spectrophotometrically using the FolineCiocalteu colorimetric
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Ciocalteu reagent was carried out at room temperature (24 C) for
90 min, with the samples kept in dark. The absorbance of the juice
samples and the blank was measured at 760 nm. The measure-
ments were compared to a six-point calibration curve of gallic acid
standard solutions in the concentration range of 0.01e1000 mg/L
(R2 ¼ 0.99) and expressed as mg of gallic acid equivalents (GAE)/L
of grape juice. The analysis was performed in triplicate for each
juice.
The total monomeric anthocyanins content was determined by
the pH-differential method (Giusti & Wrolstad, 2001). Absorbance
was read on the wavelength range of 420e520 nm of maximum
absorption of monomers and at 700 nm. All grape juices were
analyzed in triplicate and results were expressed as mg/L of mal-
vidin-3,5-diglycoside as the main monomeric anthocyanin in V.
labrusca L. (molar absorptivity of 37.000 L/cm/mol and molecular
mass of 724.5 g/mol).
The in vitro antioxidant capacity of juice samples was deter-
mined using the DPPH radical scavengingmethod (Brand-Williams,
Cuvelier, & Berset, 1995) and the ABTS radical scavenging method
according to Re et al. (1999). The free radical scavenging activity
was measured through the rate of decay in absorbance at 517 nm
for the DPPH radical and 754 nm for ABTS radical (Kim, Guo, &
Packer, 2002; Re et al., 1999). The analyses were carried out in
triplicate and results were expressed as Trolox equivalents
(mmol TE/L).2.6. Determination of elemental composition by ICP-MS
The elemental analysis of grape juices was conduced according
to Tormen et al. (2011). An aliquot of 500 mL of grape juice was
diluted to 10mLwith 0.14mol/L nitric acid and directly analyzed by
ICP-MS. The external calibrationwas accomplished against aqueous
standards in 0.14 mol/L nitric acid. To correct non-spectral in-
terferences, 10 mg/L Rh was used as internal standard for allTable 2
Effect of grape seed addition on the total phenolic content, total monomeric anthocyanins
and Bordo.
Grape juice Seed concentration (g/kg)e
0 50
Concord
Total phenolics (mg/L)g 147.9a  5.9 218.8b  16.2
Monomeric anthocyanins (mg/L)h 75.8a,b  6.0 82.0a  14.2
Antioxidant capacity (mmol/L)i
DPPH 16.7a  0.5 18.2a,b  0.8
ABTS 19.4a  0.7 31.1b  0.8
Isabel
Total phenolics (mg/L) 113.2a  6.7 308.4b  31.2
Monomeric anthocyanins (mg/L) 95.2a  4.4 141.0b  8.4
Antioxidant capacity (mmol/L)
DPPH 9.5a  0.6 16.2b  0.04
ABTS 18.3a  0.8 34.0b  0.3
Bordo
Total phenolics (mg/L) 344.7a  7.0 386.2a  1.2
Monomeric anthocyanins (mg/L) 411.8  1.1 422.6  7.0
Antioxidant capacity (mmol/L)
DPPH 20.5a  0.7 20.5a  0.9
ABTS 33.2a  1.0 36.0a  1.2
Results are expressed as mean values  standard deviation (n ¼ 3).
No signiﬁcant effect, ns (p > 0.05). *p < 0.05. **p < 0.01. ***p < 0.001.
a,b,c,dMean values within a row with different letters are signiﬁcantly different.
e Expressed as g of grape seed per kg of grape.
f Standard error of means (SEM).
g Expressed as gallic acid equivalent.
h Expressed as equivalent in malvidin-3,5-diglycoside.
i Expressed as Trolox equivalent.determinations. The method accuracy was assessed by analysis of
two certiﬁed samples from NIST (Gaithersburg, USA) and recovery
tests directly in dilute grape juices. The certiﬁed samples used
correspond to water (SRM 1643e) and bovine liver sample (SRM
1577b).
2.7. Statistical analysis
Statistical analysis was performed using the Statistica software
package version 7.0 (StatSoft Inc., Tulsa, USA). Data were subjected
to analysis of variance and the signiﬁcance was assessed using the
Tukey HSD test. The Pearson’s correlation test was used to evaluate
the correlation between grape seed addition and the total phenolic
content, antioxidant capacity, and mineral content of the juices. All
analyses were performed in triplicate and the results expressed as
mean  standard deviation (SD).
3. Results and discussion
3.1. Bioactive content of grape juices e total phenolics, total
monomeric anthocyanins and in vitro antioxidant capacity
As classic parameters of grape juice quality, the pH and total
soluble solids content were determined for all the varietal juices,
and the results showed no signiﬁcant difference between the
control juices and the juices obtained from berries macerated with
seeds. The soluble solids content in samples ranged from 3.9 to
4.4 Brix in Bordo juices, 4.3 to 4.9 Brix in Concord juices, and 4.3
to 4.8 Brix in Isabel juices. The corresponding pH values were
3.43e3.46, 3.44e3.46 and 3.39e3.41, respectively.
The total phenolic content, total monomeric anthocyanins and
the in vitro antioxidant capacity of the three varietal grape juices
are summarized in Table 2. The addition of grape seeds increased
the polyphenol content in Concord, Isabel and Bordo juices. For all
three varieties, the inclusion of seeds showed a signiﬁcant effect, and antioxidant capacity of grape juices of Vitis labrusca L. varieties Concord, Isabel
p-Value SEMf
100 200
255.0c  2.5 293.8d  11.3 *** 107.9
86.2a  1.0 57.6b  9.4 * 81.8
19.2a,b  0.6 20.5b  2.1 *** 1.4
31.8b  0.4 38.9c  0.4 *** 0.3
756.2c  31.2 973.6d  38.6 *** 372.0
250.2c  7.2 179.1d  6.3 *** 45.5
22.6c  0.5 22.6c  0.2 *** 0.2
42.1c  0.9 46.4d  0.6 *** 0.4
487.5b  20.0 484.1b  24.1 *** 310.0
415.7  18.4 436.1  15.7 ns 160.0
26.3b  1.2 28.2b  0.4 *** 0.6
42.6b  1.0 47.0c  2.2 *** 2.1
Fig. 1. Correlation of grape seed concentration with total phenolic content and anti-
oxidant capacity in the varietal juices. (A) Correlation between grape seed concen-
tration and total phenolics: Correlation coefﬁcient, r ¼ 0.99, 0.97, 0.91 (99% conﬁdence
interval, p < 0.01); and coefﬁcient of determination, r2 ¼ 0.913, 0.889, 0.733 for Isabel,
Concord and Bordo juices, respectively. (B) Correlation between grape seed concen-
tration and antioxidant capacity: Correlation coefﬁcient, r ¼ 0.94, 0.82, 0.92 (99%
conﬁdence interval, p < 0.01); and coefﬁcient of determination, r2 ¼ 0.758, 0.704,
0.845 for Isabel, Concord and Bordo juices, respectively. Total phenolics expressed as
gallic acid equivalent; DPPH radical scavenging activity expressed as Trolox equivalent.
(A) Isabel; (6) Concord; (C) Bordo.
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tion of 200 g/kg increased about 8 times the total phenolic con-
tent in the Isabel juice. The total phenolic content in samples
without the addition of seeds ranged from 113.2  6.7 to
344.7  7.0 mg GAE/L in Isabel and Bordo juices, respectively,
whereas in samples treated with grape seeds, the total phenolic
content ranged from 218.8  16.2 to 973.6  38.6 mg GAE/L in
Concord and Isabel juices, respectively. The highest change in the
content of phenolic compounds was observed for the Isabel juice,
as shown in Table 2. The concentrations of total phenolics in
the Concord and Bordo juices showed similar increases. Consec-
utively, the increase on the seed content macerated with berries
during juice production increased the total phenolic content in
juices after the inclusion of seeds at concentrations of 50, 100 and
200 g/kg of grape.
In relation to the in vitro antioxidant capacity, the juices of all
grape varieties showed an increase in the DPPH radical scav-
enging activity with the increasing addition of grape seed, with a
higher antioxidant capacity veriﬁed for the Bordo juices. Similar
results were obtained in the ABTS method. The mean values for
the ABTS free radical scavenging activity of Isabel and Bordo
juices were found to be similar for the different treatments
(Table 2). All the varietal juices showed a higher antioxidant ca-
pacity with the addition of 200 g/kg of grape seeds. Both the
DPPH and the ABTS results followed the same tendency as those
obtained for the total phenolic content, with the higher values
obtained with increasing proportions of grape seeds added. In all
juices, the antioxidant activity with the addition of seeds was
signiﬁcantly different from the control juices (without the addi-
tion of seed).
The correlation of grape seed concentration with total phenolic
content and DPPH radical scavenging capacity in the varietal
juices is presented in Fig. 1. The correlation coefﬁcients (r) showed
high positive correlations between seed concentration and the
total phenolic content for all juices, as shown in Fig. 1(A). The
correlation (p < 0.01) between these parameters was found to be
0.99 for Isabel juices, 0.97 for Concord juices, and 0.91 for Bordo
juices. High positive correlation was also veriﬁed between grape
seed concentration and the antioxidant capacity of the grape
juices, as demonstrated in Fig. 1(B), with the highest correlation
obtained for Isabel juices (r ¼ 0.94, p < 0.01). The correlation
coefﬁcients for the Concord and Bordo juices were 0.82 and 0.92
(p < 0.01), respectively. Also, high positive correlations between
the antioxidant capacity and the total phenolic content were
observed for the three varietal juices, as shown in Fig. 2. Corre-
lation coefﬁcients of 0.94, 0.87 and 0.94 (p < 0.01) were observed
for Isabel, Concord and Bordo juices, represented in Fig. 2(A)e(C),
respectively.
The concentration of monomeric anthocyanins (Table 2) ranged
from 57.6  9.4 to 86.2  1.0 mg/L in Concord juices, 95.2  4.4 to
250.2 7.2 mg/L in Isabel juices, and 411.8 1.1 to 436.115.7 mg/
L in Bordo juices. The addition of grape seeds showed no signiﬁcant
effect on the anthocyanins content of the Bordo juices. In the Isabel
juices, the anthocyanin content was signiﬁcantly different among
treatments, with concentration of monomeric anthocyanins up to
250.2  7.2 mg/L in the juice with seed concentration of 100 g/kg.
However, the addition of seeds was poorly correlated with the total
anthocyanins content of these juices (r ¼ 0.51). For Concord and
Bordo juices, no correlationwas veriﬁed between seed addition and
total monomeric anthocyanins.
The inclusion of grape seeds from V. labrusca L. during juice
production increased the overall bioactive content, which was
conﬁrmed by the total phenolic content in the juice samples. Also, a
positive correlation between the total phenolics and the antioxi-
dant capacity was veriﬁed in all varietal juices. An improvement inthe bioactive content of juices can be associated with a high
amount of oligomeric and polymeric polyphenols in grape seeds.
These ﬁndings are consistent with previous reports of the high
content of polyphenols in grape seeds and grape seed extracts,
mainly ﬂavan-3-ols catechin, epicatechin, epicatechin gallate, and
proanthocyanidins, in concentrations higher than those in grape
peel (Chamorro, Viveros, Alvarez, Vega, & Brenes, 2012; Gibis &
Weiss, 2012; Montealegre, Peces, Vozmediano, Gascuena, &
Romero, 2006; Rockenbach, Gonzaga, et al., 2011). Moreover, the
increase in the antioxidant capacity in juice samples can also be
explained by the high amount of phenolic compounds in grape
seeds, particularly the galloylated ﬂavanols which are present at
higher concentrations in seeds than in grape peel and pomace.
These compounds have a higher antioxidant activity in aqueous
medium than their non-galloylated homologues (González-
Paramás, Esteban-Ruano, Santos-Buelga, Pacual-Teresa, & Rivas-
Gonzalo, 2004; Rockenbach, Gonzaga, et al., 2011).
The temperatures used in the juice elaborating process in this
work (50 C/80 C) possibly enhanced the extraction of polyphenols
Fig. 2. Correlation between the total phenolic content and the antioxidant capacity in the varietal grape juices (Vitis labrusca L.). (A) Isabel juices; (B) Concord juices; (C) Bordo
juices. Correlation coefﬁcient, r ¼ 0.94, 0.87, 0.94 (99% conﬁdence interval, p < 0.01); and coefﬁcient of determination, r2 ¼ 0.885, 0.875, 0.795 for Isabel, Concord and Bordo juices,
respectively. Total phenolics expressed as gallic acid equivalent; DPPH radical scavenging activity expressed as Trolox equivalent.
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juices. These ﬁndings are consistent with a previous study report-
ing a yield increase on total phenolic compounds in grape seed
extracts through increasing temperature (Bucic-Kojic, Sovová,
Planinic, & Tomas, 2013). On the other hand, the extraction of
seed polyphenols during juice processing can affect taste of grape
juices, due to the high amounts of ﬂavan-3-ols and polymeric
proanthocyanidins contained in the grape seeds. These compounds,
particularly the oligomeric tannins, are generally related to
astringency and bitterness in wines and other derivatives of grape
(Fontoin, Saucier, Teissedre, & Glories, 2008; Jackson, 2008).
Notwithstanding, it is important to highlight the high correla-
tion between seed addition and antioxidant capacity in V. labrusca
L. juices veriﬁed in this study, demonstrating the positive effect of
a non-processed and naturally available constituent on the
bioactive content of a natural beverage, mainly increasing the total
phenolic content, and hence, contributing to enhance the antiox-
idant properties of juice in combination with polyphenols from
other constituents of the grape fruit. It is also relevant to note that
the increment on polyphenol content was veriﬁed with the
increasing addition of grape seeds. This is particularly important
when taking into account the large amounts of grape by-products
that are regularly produced in juice and wine industries. There-
with, this study highlights the positive results obtained with seed
concentration of 200 g/kg in all the varietal juices, indicating an
attractive alternative for bioactive enrichment of grape juices, with
a great potential for reducing the environmental waste of this by-
product.3.2. Elemental analysis of grape juices
3.2.1. Mineral composition
The elemental composition of Concord, Isabel and Bordo juices
are given in Table 3. The mineral elements participate in impor-
tant biological functions and are distributed in plants as macro-
elements and microelements. The main mineral elements in grape
seeds are Na, K, Mg, Ca, Mn, Zn and Fe (Spanghero, Salem, &
Robinson, 2009). For each grape variety, the macroelements (Na,
K, Mg and Ca) and the microelements (Mn, Fe, Zn and Co) were
determined in all juice samples. The most abundant macroele-
ment in all varietal juices was K, with concentrations ranging
from 653.2  43.6 to 753.0  36.1 mg/L in Concord juices,
673.8  15.1 to 695.1  18.4 mg/L in Isabel juices, and 659.6  5.5
to 756.2  34.6 mg/L in Bordo juices. For Concord and Isabel
juices, the K concentration in juice samples showed no signiﬁcant
difference with the addition of grape seeds, whereas the K con-
centrations were signiﬁcantly affected (p < 0.01) in the Bordo
juices, with an increase in K concentration up to 14% in juice with
seed concentration of 200 g/kg.
Among all the varietal juices, concentrations of macroelements
ranged from 18.6  0.2 to 36.6  0.8 mg/L for Na, 20.2  1.3 to
26.6 2.9 mg/L for Mg, and 11.7  1.5 to 23.2 0.5 mg/L for Ca. The
microelements were found ranging between 195.2  0.7 and
288.0  3.8 mg/L for Mn, 209.8  11.9 and 362.9  28.6 mg/L for Fe,
238.7  4.2 and 503.9  31.2 mg/L for Zn, and 0.87  0.04 and
2.54  0.06 mg/L for Co. In Concord juices, concentrations of Mg, Ca,
Mn and Zn were signiﬁcantly higher in juice with seed
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demonstrating a slightly proportional effect of seed addition.
However, in the Concord and Isabel juices, the Fe and Co levels
decreased upon seed inclusion, whereas no signiﬁcant effect was
observed on Fe concentration in Bordo and Isabel juices. In Bordo
juices, concentrations of Na showed no signiﬁcant difference
among treatments, whereas in Isabel and Concord juices, con-
centrations of the macroelement were not signiﬁcantly different
from the control juices.
In the Isabel juices, concentrations of Ca, Fe and Zn in samples
with addition of seeds were not signiﬁcantly different from the
control juice. However, the concentration of Mg was slightly
increased in these juices. On the other hand, the concentrations of
Ca and Znwere signiﬁcantly different in the Bordo juice with seed
concentration of 200 g/kg in comparison to the Bordo control
juice.
Regarding the quantiﬁed elements, the correlation between
seed concentration and the concentration of mineral elements
was tested for all varietal juices. The linear effect of treatments
was investigated for the elements that showed signiﬁcant differ-
ences in concentration when compared to control juices. For the
Concord juices, positive correlation (p< 0.01) was observed for Ca
(r ¼ 0.97), Mg (r ¼ 0.80) and Mn (r ¼ 0.77). In the Bordo juices,
good correlations were veriﬁed for K (r ¼ 0.93), Mg (r ¼ 0.82), Ca
(r ¼ 0.85) and Zn (r ¼ 0.84) (p < 0.01). Positive correlation be-
tween seed addition and the concentrations of Na (r ¼ 0.67) and
Mg (r ¼ 0.69) were observed in the Isabel juices.
3.2.2. Metal contamination
The isotopes measured in this study were 63Cu, 60Ni, 88Sr, 75As,
52Cr, 7Li, 138Ba and 27Al. The metal contamination in grape juice
samples is presented in Fig. 3. Copper was the predominant
element in all the varietal juices, with higher levels observed in
the Isabel juices, as shown in Fig. 3(A). In these juices, the Cu
concentrations ranged from 386.2  20.1 to 421.6  4.2 mg/L. The
average Cu concentration in the Concord and Bordo juices ranged
from 209.7  4.0 to 244.9  8.3 mg/L and 206.2  3.1 to
251.6  6.1 mg/L, as presented in Fig. 3(B) and (C), respectively.
Concentrations of Cu in the V. labrusca L. juices were found to be
below the permitted limits for inorganic contaminants in bever-
ages, in accordance with the Brazilian resolution that establishes
the limit of 10 mg/L (ANVISA, 2005).
Among all the varietal juices, the metal concentrations were
found to range between 3.0  1.2 and 7.6  1.1 mg/L for Ni,
102.5  1.1 and 155.4  0.9 mg/L for Sr, 1.6  0.2 and 3.5  1.2 mg/L
for As, 94.6  2.2 and 124.4  2.4 mg/L for Cr, 3.0  0.7 and
8.8  0.5 mg/L for Li, 79.1  0.5 and 124.2  0.9 mg/L for Ba, and
112.2  3.4 and 211.5  5.5 mg/L for Al. Concord juices showed
higher concentration of Li in comparison to Bordo and Isabel
juices. The Bordo juices showed the lowest concentrations of Ni
and Al, whereas the concentrations of Cr, Sr and Ba were found to
be similar among the varietal juices. The addition of grape seeds
had no signiﬁcant effect on the metal contamination in juice
samples.
The chemical contamination in grape juices was evaluated
regarding the Brazilian resolutions for beverages, and for all the
analyzed metals, the varietal juices meet legislation criteria
(ANVISA, 2005). Also, international guidelines for drinking-water
quality, which establish limit concentrations for inorganic chem-
icals of health signiﬁcance in drinking-water was assessed. The
guidelines establish for As, Ni, Cu, and Ba, the limits of 0.01, 0.07,
2.0, and 0.70 mg/L, respectively. For Cr, Li, Al and Sr there are no
speciﬁcations (WHO, 2008, chap. 8). In all the V. labrusca L. juices,
the metal contamination was found to be below the permitted
limits for trace elements according to international requirements.
Fig. 3. Metal concentrations in Vitis labrusca L. grape juices determined by ICP-MS. (A) Isabel juices; (B) Concord juices; (C) Bordo juices. The error bars indicate the conﬁdence
interval at a conﬁdence level of 95% (n ¼ 3). (B) Al; ( ) As; (q) Ba; (7) Cr; ( ) Cu; (,) Li; (>) Ni; (8) Sr.
I.M. Toaldo et al. / LWT - Food Science and Technology 53 (2013) 1e8 74. Conclusions
The addition of grape seeds signiﬁcantly increased the poly-
phenol content and the antioxidant potential in grape juices from
different varieties V. labrusca L. The elemental analysis demon-
strated an increase in concentrations of some essential minerals in
juices produced with the addition of seeds. The use of grape seeds
in juice production comprises an interesting approach for the
enrichment of natural food and improvement of health beneﬁts,
and also an ecological alternative to reduce viticulture waste.
Notwithstanding, application of grape constituents in juice repre-
sents an attractive source of bioactive compounds in human diet.Acknowledgments
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